The recent global financial crisis has highlighted the important role that the real estate market plays in the global economy. The specific character of the real estate market, the availability of market information and the sudden, unpredictable changes that often occur in that market, as well as investments, are affected by considerable risks and uncertainties. Objective monitoring of the real estate market is a requirement to maintain balance, increase security and minimise the risk of crises in urban spaces. One solution is to analyse and monitor the markets continuously, using comprehensive classification. In this paper, the authors propose the creation of a decision-making support system based on an analysis of the condition of real estate markets using ratings. The proposed procedure employs decision-making theory, data mining technology (Rough Set Theory and Value Tolerance Relation fuzzy theory) and rating scoring analysis.
Introduction
Making decisions is an integral element of human life and is the most frequent activity performed on a micro-and macro-scale. Making optimum decisions should rely on reliable data describing reality, in line with the decision-maker's preferences (Saaty, 2008) . However, access to reliable data or information is difficult nowadays, in some cases because of a lack of access; in other cases due to excessive amounts of such data (so-called information noise) and difficulties in the proper selection of the right type of data.
Currently, analysis of a given market's condition, structure and characteristics is crucial to identify attractive prospects and the potential growth of an area as well as potential investment locations. Furthermore, the residential market cannot be analysed without considering its relationship with the quality of life or the surrounding urban areas. The link between real estate markets and urban growth potential has been highlighted in several studies (e.g., D'Arcy and Keogh, 1999; Leung, 2004) .
Due to globalisation, the implementation of information technology (IT) solutions and the increasing mobility of people, making decisions in the real estate market is no longer limited to an analysis of local and technical factors of properties, i.e., socalled endogenous factors, and now extends to exogenous factors (e.g., labour market absorption, economic potential of the area), which influence the long-term efficiency of investments. Residential properties not only constitute a common element for securing basic existential needs and capital location, but they are also an important factor determining the conditions, development and investment potential of a given region. Cities and regions wishing to achieve a dominant position via their policies seek to attract as many entities and types of activity as possible. An accurate prediction of the real estate market potential is essential to prospective homeowners, developers, investors, appraisers, tax assessors, local authorities and other real estate market participants, such as mortgage lenders and insurers (Ball & Wood, 1999; Case, 2000; Frew & Jud, 2003; Irwin, 1993; Jaffe & Sirmans, 1989; Janowski et al., 2014; McCue & Belskym, 2007; Zr obek & Grzesik, 2013) . Moreover, learning the lessons from the last outbreak of the Global Financial Crisis (2007) (2008) , primarily initiated by the insolvency of mortgage borrowers, current and objective monitoring of the real estate market is necessary to maintain balance, increase security and minimise the risk of crisis in many aspects of human existence in urban spaces.
Various types of classification and segmentation are used to organise the information across the wide range of phenomena characterising a real estate market. Real estate markets are usually classified on the basis of property type, location, incomeproducing, potential, typical investor characteristics, typical tenant characteristics and other attributes recognised by those participating in the exchange of property (Bernat et al., 2014; Razzak, 2015) . For instance, Dubin and Goodman (1982) proposed methods for analysing non-nested submarkets. The idea of identifying housing submarket boundaries by developing and estimating the parameters of a hierarchical model for house prices was proposed by Goodman and Thibodeau (2003) . Additionally, Kulesza and Bełej (2015) proposed the segmentation of real estate markets due to time delays, relaxation time and long-term equilibrium levels of time series in residential local markets.
Significant classification of real estate markets allowing for a mutual review of individual markets and comparison in terms of a hyper-local and/or global approach are distinguished in the following classifications: ranking classification (excluding the elements of the comparative assessment of the market) and rating classification (including elements of comparative assessment and market condition diagnosis).
The need to classify the real estate market in a rating form was expressed in several documents and standards outlined by European Property and Market Rating (2003) , Research on Property and Market Rating in China based on Basel II (2008), Kalberer (2012) , and Kaklauskas et al. (2015) . The European Property and Market Rating (2003) and Kalberer (2012) define "Property and Market Rating" as a versatile instrument for assessing the quality of property. Other authors consider real estate market ratings to be useful tools for developing portfolio investment strategies (Anglin & Yanmin, 2011) or formulating long-short portfolio strategies on housing indices for more-risky and less-risky assets characterised by low liquidity (Beracha & Skiba, 2011) .
Therefore, the authors propose a procedure for developing a decision-making system based on an analysis of the condition of real estate markets in a rating form. The proposed procedure uses decision-making theory, data mining technology -Rough Set Theory (RST) and Value Tolerance Relation fuzzy theory (VTR) -and a rating scoring analysis. This allowed decision rules to be established in a system form for comparative assessment and market condition diagnosis. The study was conducted based on the largest Polish and Italian markets in 2014. The reason for this choice was to test the efficiency of the proposed procedure by comparing two different markets with approximately the same level of real estate market information. In this particular case, the stimulation of the supply and demand and the geo-localisation aspect of these countries were taken into account.
The paper is structured by sections. Section 1 provides an explanation of the choice of rating classification. Section 2 presents the methodology of the research. Section 3 presents the calculation of the decision rules based on Polish and Italian cases and provides a discussion of the achieved results. Section 4 presents the conclusions and future directions of research. The study was prepared as a result of implementation of research project No. UMO-2014/13/B/HS4/00171 financed from the funds of the National Science Centre.
Methodology of the research

Proposed solutions for decision-making in a real estate market
Decision-making in a real estate market is complicated because of the needs that the property must satisfy. The difficulty also lies in the diversity and imprecision of spatial attributes, the large, multidimensional scope of data to be analysed, the sensitivity of properties to environmental and economic changes and fashion, as well as heterogeneity with respect to the nature and type of individual objects. Therefore, decisionmaking in a real estate market is difficult and may result in great risk and uncertainty. In order to minimise risk and facilitate the process, various kinds of systems supporting decision-making processes are recommended.
The most important actions for creating effective support decision-making systems is by determining the scope of information, estimation of databases and data learning and data extraction. The typical components of systems supporting decision-making using data-mining techniques (Hand et al. 2005; Słowi nski, 1992 , Zavadskas & Turskis, 2011 Kaklauskas et al. 2011) consist in: the model, the structural formula of a database, the scoring functions adjusting the model to reality, the choice and optimisation of an analytical method for data exploration and a strategy of data management, access and updating.
Considering these assumptions, the authors propose the development of a scoring system to assess the condition of residential real estate markets using a component decision-supporting system. In the analytical part, entropy and the assumptions of Rough Set Theory (RST) were used. One of the main problems was the selection of characteristics for the database. Information in a real estate market is asymmetric, in some cases it is not available and the level of aggregation information about real estate markets may vary. Due to the specificity of the information on the real estate markets, a measure of the diffusion and characteristics of market information was proposed using entropy. Therefore, the diversity, merit and usefulness of the market information was calculated on the basis of entropy weight, which, according to Shannon and Weaver (1963) , is a measure of 'disorder, chaos and randomness of certain information', which is a common characteristic of information connected with real estate markets. Furthermore, this method allows data analysis without identifying a dependent variable. Our dependent variable is a rating, which is the final stage in this procedure.
On the other hand, due to the small number of observations (16 cases for Polish markets and 20 for Italian markets -statistical techniques require the greatest number of rows (observation) to validate the model), the decision rules were established based on Boolean Algebras (if [conditions] , then [decision]), which is the main assumption of the RST formulated by Polish mathematician, Professor Zdzisław Pawlak. The classical RST was developed (Pawlakm, 1982, 21997) to analyse imprecise and vague data which are commonly found in the real estate market and accompanies decision-making (fuzzy decision-making) in that market. In this theory, an analysed phenomenon is considered as an object characterised by features related to a specified piece of information. RST with a valued tolerance relation extension is used in many sciences and it is often applied as the main support tool in decision-making systems (e.g., Bello & Verdegay, 2012; Chi, Yeh, &, Lai, 2011; Chung & Tseng, 2012; Guoyin & Lihe, 2012; Polkowskim, 2010; RenigierBiłozor, 2011; Zavadskas & Turskis, 2011; Zhang, 2012) . Moreover, the assumptions of this theory are relatively simple, clear and repetitive in subsequent rating years without changing. RST is used to analyse data that are qualitatively and quantitatively ambiguous, imprecise and varied, commonly existing in the real estate domain. The complexity and specificity of information and the real estate market is caused by: significant variations in the quantity of available information, complex methods of data description (differences in the scale of attribute description), significant differences between real estates (no two real estates are identical), various criteria for using real estate (every real estate can be used and managed in a variety of ways), a lack of comprehensive information (due to the lack of homogeneous systems for collecting real estate data), the inaccurate and 'fuzzy' character of real estate data and the absence of homogeneous functional dependencies between real estate attributes, decision-making strategies represented by the value, function and method of real estate management.
Data mining based on statistical techniques, such as clustering technique, neural networks and decision trees, present problems in this application. In clustering techniques, there are several possible algorithms that can be used, several different dissimilarity measures and even different classification methods (hierarchical and non-hierarchical). The application of a neural network determines a final result depending on the architecture of the nodes. It is well-known that different software applying neural networks offer different answers to the same data set (Worzala et al., 1995) . This problem also occurs in the application of decision trees. This explains the reason to use RST, which allows a procedure to be applied without any inference while analysing the data and provides a single solution for a data sample, which is essential for the reliability of rating the results.
Data description
The efficiency of a real estate market depends on effective databases and decisionmaking systems. The disclosure, description and availability of the information structure are essential to select and verify the necessary data. The division of information should take into account the macro-, meso-and micro-scale of the economy, along with a division into specific categories of data/information which are connected with the analysed market. The existing knowledge was compiled to develop a set of indicators for overall evaluation of real estate markets. An attempt was made to develop features with the greatest influence on market decision-making based on literature analysis and observations of participants in a real estate market. These included categories of information strictly related to the residential, economic, political, social, spatial and location realms. Each of these realms represents a different range of information that affects quality of life to various degrees. Thus, in the long term, it has an influence on decisions concerning buying, renting or selling residential real estate. In the study, in order to develop the rating decision rules for a real estate market, the main categories of information were analysed as follows: social (describing the real estate market indirectly and shows the quality of life of residents), economic and political (describing not only the current economic situation of the cities, but also the quality of the activities of local and national governments), spatial and location (giving information about the characteristics of an area, including information about facilities and planning regulations), residential (describing in detail the real estate market characteristics and information on properties, transactions and offers).
Within the range of this study, a database was developed based on the largest residential markets in Poland (16 markets) and Italy (20 markets) (Figure 1 ). All of the proposed markets have a major spatial impact on other regions and are the best point of reference (representative of their region) and provide access to comprehensive data. The database was developed for 2014 and the data were divided into four categories of information and designated as determinant or destimulant in relation to the residential market (Appendix A). The condition of comparability, regarding the duplication of every indicator for both markets, was taken into consideration to develop the database. The study contains 60 indicators that were collected using many sources of information (see Appendix A).
Procedure for elaborating the decision rules in the form of a supportive decision system
To determine the decision rules for real estate market ratings, a decision-making procedure was developed as illustrated in Figure 2 .
The presented procedure was elaborated, taking into account the typical components of data-mining techniques, the specificity of market information and the phases of support decision-making systems. The stages are presented and explained in detail in the next Section.
3. Development of the results and implementation of the assumption based on the Polish and Italian cases
Preliminary preparation of the database
In the presented procedure, after the development of the database (described above), the data in the database were normalised. The aim of the normalisation was to transform the multidimensional space of the collected diagnosing variables into a one-dimensional space (objectively comparable). In the presented procedure, the normalisation of data was completed using the following formulas:
where Z j ¼ value of indicator after normalization, X j ¼ value of indicator before normalization, X j max ; X j min ¼ minimum and maximum of indicator value. The determinants positively influence the features that shape the real estate market condition, while destimulants have a negative influence on them.
The next stage of the procedure consisted of the verification of the significance and diversification of data in terms of their relevance and importance concerning the purpose of the analysis. Entropy is perceived differently in numerous theories. In this simulation, a measure of entropy (weight vector determined by entropy proposed by Figure 2 . Procedure of elaborating decision rules for real estate market rating. Source: Own elaboration. Deng et al. 2000 and Ignasiak, 2001 ) was calculated for indicators in the individual categories of rating information according to the formula:
where w j ¼ weight vector for particular criteria, d j ¼ degree of internal of rating variance,
where
m ¼ number of states in a particular criterion; n ¼ weight of the probability of individual information (indicator). It must be stressed that higher entropy results in a lower weight being generated. Lower entropy indicates less uncertainty in the information flow and, consequently, the more useful the information is for the system. Table 1 presents an example of a result obtained for indicators in a social category for Polish markets.
For instance, the entropy result for indicator No. 1 (Table 1) was calculated as follows: Rating, as the methodology of the comparative assessment, requires the use of rating scales. These scales must permit an assessment of the condition of real estate markets and allow for a comparable market assessment in the descriptive and numerical form. The proposed scales are shown in Table 2 and were elaborated by the authors based on the original credit rating scales. 'Low' Low return on investments; negative market outlook; high threats to market growth potential (supply and demand on the real estate market); low potential for economic and spatial growth; low self-regulatory capacity, significantly less flexible response to economic changes; the situation on the real estate market does not foster positive social change; high discrepancies between the cost and prices of real estate; the behaviour of real estate market actors is likely to be unpredictable; high threats to the growth of the real estate market; the situation the real estate market does not foster positive social change. 'Lack'/'deficit' No returns on investments; the market is stagnant with no prospects for growth; no potential for economic or spatial growth; the market is undergoing reorganisation. The price-cost relationship cannot be determined; the behaviour of market participants cannot be predicted; very high threats to the growth of the real estate market; the situation on the real estate market drives negative social change. There are three scores per group: AAA/BBB/CCC, AA/BB/CC and A/B/C/D, where scores AAA/BBB/CCC represent the highest rating and A/B/C/D the lowest. The numerical classification assumed the quantitative comparison conducting on the basis of proportional sliding scale. It involves the assumption that measure of the ranking category depends on mutual relation between the analysed objects, assuming absolute 0 as the worst measure and 1 as the best.
Development of rankings and ratings for real estate markets
In the next step, the level of ranking was specified using the following formula:
where Sr j ¼ level of ranking; Z j ¼ normalised indicator; w j ¼ weight vector. The developed level of rankings for every category in the subset is shown in Tables 3 (Polish markets) and 3b (Italian markets). For instance, for Bialystok in the residential category, the ranking calculation is as follows: The result can be read in the first row of Table 3 . Therefore, the rating scale in Table 2 was finally applied to the ranking scale obtained for each city. For example, for Bialystok in the first row of Table 3 , the rating was indicated as follows: ranking scale ¼ 0.1943; therefore, according to Table 2 the assigned rating will be Cþ.
Development of decision rules for rating real estate markets using Rough Set Theory
In this part of the analysis, the decision rules (see Figure 2) were developed using Rough Set Theory. The authors proposed an analytical procedure based on RST which consisted of several stages (Figure 3) . The first stage of the analysis is concerned with the relationship between objects and their features in the form of an 'informative system', whose rows represent 'universe units' or objects. The informative system S is expressed in formal terms, as in the following equation:
where U ¼ universe or finite element set (all residential real estate markets); Q ¼ finite set of features (main categories of data that classify the conditions of real estate markets); V q ¼ feature with a q domain; f ¼ information function, that describes the relationship between object and features belong to the Q set. In this theory it is very important to highlight the assumptions whether two objects are considered as indiscernible (similar) in the concept of granular information. When U is the universe, X is a universe object set (real estate markets with known rating classification), Q is the features (ranking categories of data) that classify the conditions of real estate markets (that belongs to U universe), and C is a features subset. Assuming that S c ¼ U; f C is the approximation area, and any set C U then the lower approximation and at the same time positive area of the set X w S c is the set:
the upper approximation X w S c is the set:
whereas the boundary region is expressed as:
.
Due to this fact, for any X U, X is e C-accurate if and only if e CX ¼ e CX, whereas X is approximated when e CX ¼ e CX. The approximation of families of sets, as well as single sets, can be characterised with the use of the following measures: quality of approximation of family F in the space of approximation S relative to a set of attributes C:
accuracy of approximation of family F in the space of approximation S relative to a set of attributes C:
The term card (POS C (F)) is cardinality (card) and is a measure of the number of the elements in the set POS C (F). For these factors, the following regularities occur: 0 b e C ðFÞ c e C ðFÞ 1 and if all the elements of the family F are C-accurate sets, then: b e C ðFÞ ¼ c e C ðFÞ ¼ 1.
Usually the information systems are presented within tables of information, by dividing the features in conditional (C) and decisional (D) set. Each object u2U in the table of decisions TD ¼ (U,C,D,V,f) can be presented in the form of a conditional sentence (If … Then … ) and regarded as a decision rule. There are two general types of decisional rules. One of them is 'exact decisional or deterministic rule', where the decisional set contains the conditional attributes with quality and accuracy of approximation equal to 1 concerning crisp indiscernibility relation. The second is 'approximate decisional rule', in which the decisional set contains the conditional attributes with quality and accuracy of approximation lower than 1 but higher than 0 concerning the more vague, fuzzy relation. In this case, casual relationship between features expressed by the social, economic and special condition of the area and residential market are definitely more imprecise, vague and fuzzy. Due to the application value tolerance relation (Stefanowski & Tsoukias, 2000) to the conventional RST based on a crisp indiscernibility relation, the more flexible way to deal with the indiscernibility relation was obtained and better matched the real estate market analysis.
The value tolerance relation is expressed in the formula:
where R j ðx; yÞ ¼ relation between sets with membership function [0,1]; c j ðxÞ; c j ðyÞ ¼ feature of the analysed real estate market; k ¼ threshold for the feature set of a given real estate market, considering objects as indiscernible without having identical values. The formula is used to compare two data sets and obtained result within the 0-1 range marks the level of the indiscernibility relation. In the formula output, there is a level of indiscernibility relation between the object and the rule, assuming a k level of threshold for the measure of the attribute. In this research, the authors proposed the k-threshold as the unbiased standard deviation (proposed by d 'Amato, 2007) . The formula, developed and discussed by Stefanowski and Tsoukias (2000) , has been applied in real estate market analyses by d 'Amato (2002 'Amato ( , 2007 'Amato ( , 2015 and Renigier-Biłozor Wi sniewski, Biłozor, & Kaklauskas (2014) .
According to RST, the first step of the procedure for developing decision rules for rating real estate markets (see Figure 3) is elaboration of the approximate decision rule (Figure 3, step I) . The approximate decision rule assumes the division of the economic, social and special features of the markets as a conditional part and residential features as a decision part in the following rule: Tables 3 and 4) . For example, for the set spatial and location (Polish markets, Table 2 .3), the comparison between object 1 and object 2 has the value 0.1968. This value is obtained as follows: 
In the following step, each element of the decision rule is assigned to its specific class in the membership table presented in Tables 5 and 6 . In this step, each element of the rule sample is assigned to its specific decision attribute class (Figure 3, step IV) on the basis of Tables 3 and 4. For example, the first decision attribute class for Polish markets is mCþ. Table 3 indicates that Bialystok and Lodz belong to this class, thus they are objects 1 and 7 (see Table 5 ). This table highlights the membership of each observation (market) to a specific and clear real estate market rating class (attribute decision).
The next step of the procedure involves the determination of the lower approximation table and, according to d 'Amato (2008) , calculating the minimum of the complement of R j derived from a comparison between the object and the elements that do not belong to the decision class taken into account (Figure 3 , step V). For example, the lower approximation of the decision class mCþ for Polish markets was calculated as follows: In Tables 7 and 8 , the lower approximations have been calculated for each decision class.
The next stage involves determining abstract classes for conditional attributes in each decision class, taking into account the minimum level indiscernibility (Figure 3 , step VI). It was assumed as the level of the minimum lambda (Tables 7 and 8) for each class decision separately, based on which the reduction of objects in abstraction classes was conducted. Objects that are above the minimum level (lambda minimum) are considered indiscernible and enter the individual class of abstraction.
For example, decision class mCþ (Polish markets) belongs to two objects, 1 and 7, so the class abstraction determined on the basis of Tables 2.4 and 3.4 (Appendix B and C) is defined as in Table 7 : C5 ¼ 1 ¼ {rule 1 (1); and C7 ¼ {7 (1)}. The analysis therefore leads to the following classes of abstraction for each decision rule (see Tables 9 and 10 ).
In the next stage, the accuracy and approximation quality for individual decision rules were verified (Figure 3, step VII) . The calculations are in Tables 11 and 12. Taking into account the assumptions of the 'approximate decision rule' for fuzzy relations, the decision rules were chosen with accuracy and approximation qualities above 0. According to Tables 13 and 14, the representation of the indiscernibility class of decision attributes constitutes the decision rules (Figure 3, step VIII) .
The results indicated the relations between a particular social, economic, political, spatial or location rating and a residential rating in established decision rules. In analysing the individual results, we can see that in Poland and Italy are there no markets that deserve a crisis level rating (D). This probably indicates that they were the capital cities of the regions. At the same time, Polish markets are at an investment level (A), due to the fact that Poland is a very rapidly developing country with positive perspectives. Simultaneously, both markets are at a stagnant level (C), probably due to the very unstable global economic and social situation. Additionally, Italy is experiencing a significant crisis, with a reduced number of transactions that have only recently begun increasing.
Conclusions and future directions of research
The last global financial crisis (2007) (2008) , primarily initiated by the insolvency of mortgage borrowers, underlined the importance of monitoring the real estate market as an absolute requirement to maintain balance, increase security and minimise the risk of crisis in urban spaces. One of the methods to monitor the real estate markets is to analyse and monitor the market continuously using comprehensive classification. For this reason, the authors proposed a rating market classification that provides quick, objective, reliable and updated information. The elaborated procedure can be implemented in every domain, especially with objects/attributes that are uncertain, imperfect or fuzzy.
The analysis found that Poland is generally in quite good condition and that Polish markets are not divided into particular regions. Warsaw almost always obtained the highest score, denoting its capital role, unlike Bialystok, Lodz and Kielce, which had the lowest scores. The situation is slightly different in Italy, where Rome does not denote its capital role and differences between the northern part (more developed) and the southern part of the country (less developed) were noted. Trento obtained the highest score in residential market segment, probably due to the link between the residential market and quality of life in urban spaces. Trento was classified as the best in 2014 for the quality of life.
The analysis allows establishing residential market decision rules which reflect the social, economic and spatial conditions of an urban area which represent quality-oflife features. A correlation analysis (Table 15) indicated that there is a statistically significant relationship between the analysed sphere of urban areas and residential market decision rules. It also confirmed that the selection of these two market areas for a comparison was appropriate.
The results also confirmed the significant link between social conditions in the residential markets in Poland, whereas in Italy the spatial and location sphere had the biggest impact on the residential market. This is due to the fact that residential housing is an important aspect of the quality of life in any community and people have many different needs primarily related to the aspects of shelter and, on the other hand, many varied needs which must be fulfilled by the real estate remaining in an inseparable relation to the surrounding space and its condition. For the rating analysis, because the decision rules associated with it rely on specific factors, which are rather constant over a longer period, one could expect a forecasting function for the developed rules.
Classification of real estate market potential based on the conditions and specific character of the analysed urban space allows for its evaluation as well as for inspiring its development and adjustment to current and future needs. The proposed decisionmaking system procedure is versatile and can be implemented in any domain, especially with imprecise or vague data analysis. The presented procedure is dynamic and not static, as the set of indicators is in constant change. In many countries, the availability of information is increasing to improve transparency. More indicators are now available than in the past for real estate market analysis. The methods used and the databases are always changing. Even the concepts and the methods of classification can change over the time. Future directions of research may include spatial measures that may enrich the analysis. Integrating spatial analysis with market ratings at different levels may provide richer information integrating visual and discrete data.
It is well known that there are no ideal analytical methods without some limits. This method also has possible limits, including an increase in the analysis complexity when considering a large number of objects, as well as the possible occurrence of instability. Due to this fact, the development of automated procedures would be helpful, which will be studied in the next step in this research. Number of property offers -average from the most popular websites (per 1000 residents) Determinant 48
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